Both carbachol (10-4-10-3 mol/h) and cholecystokinin octapeptide (CCK-8) (10-8_10-6 moVI) significantly stimulated the release of pepsinogen from rabbit gastric mucosa maintained in organ culture (213-216% and 143-261% of control, respectively, p<005-001 
Gastric pepsin is an aggressive factor in the development of peptic ulceration as is gastric acid. The mechanism by which gastric acid is secreted by the parietal cells has been investigated extensively by methods based on the established stimulation-receptor coupling concept' but how pepsinogen is secreted by the gastric chief cells is less well defined. It was recently shown that carbachol and cholecystokinin octapeptide (CCK-8) are potent secretagogues for total pepsinogen secretion mediated by calcium ions (Ca +).2 3Since it is unclear whether extracellular or intracellular Ca2+ is responsible for the pepsinogen secretion, we examined this using a calcium channel blocker and an intracellular calcium antagonist. In the intracellular calcium messenger systems, the calmodulin branch and the calcium activated protein kinase (C-kinase) branch have generally been recog- nised as modulators of cell responses. 4 Calmodulin, a calcium receptor protein universally present in eukaryotes, forms an active complex with Ca2+, activating enzymes and culminating in physiological cell responses.4'5 The role of this messenger branch has been partially defined in pancreatic islet ,B cells, blood platelets, and smooth muscle,4 but its part in the secretion of pepsinogen by the gastric chiefcells has not been fully investigated. We have therefore assessed the role ofthe calmodulin pathway in the calcium dependent secretion of pepsinogen using calmodulin antagonists.
Methods ORGAN CULTURE TECHNIQUE
Organ culture was performed according to the method previously described.6' New Zealand albino rabbits weighing 1 5-2-0 kg were fasted overnight and anaesthetised by intravenous injection of 15-20 mg/kg of pentobarbital sodium. The abdomen was opened and the stomach was removed, opened along the greater curvature, and washed in cold saline (015 molIl, pH 6 
4).
Gastric mucosal specimens (2 mm2 including the submucosal layer) were excised from the corpus. Four specimens were placed with their mucosal surfaces upwards on a stainless steel grid in a plastic organ culture dish (Falcon Plastics, USA). The culture medium contained 80% Trowell T-8, 10% National Cancer Institute Tissue Culture (NCTC)-135, and 10% fetal calf serum. Penicillin G was added to the culture medium at a dose of 100 U/ml. In this 'ordinary' medium, the final concentration of total calcium (Ca2+) measured was 1-5 mmol/l. Organ cultures were incubated at 37°C for 60 minutes in a sealed stainless steel jar in 95% 02-5% CO2 at atmospheric pressure. Ca2+ free medium used in the drug studies was prepared by chelating Ca2+ from the ordinary medium with 0-2 mmol/l ethyleneglycol-bis-[b-aminoethylether]-N,N'-tetra-acetic acid (EGTA). Forskolin and EGTA were dissolved in 0 5% ethanol and 1N NaOH, respectively, and other drugs in saline. The pH of all drug solutions was adjusted to 7-4 with 0O1 N HC1 or 0-I N NaOH. The drugs were then added alone or in combination to the medium of each experiment listed below. Saline served as control in each experiment.
DRUGS
(1) Carbachol (10-610-3 mol/l), CCK-8 (10--10-6 mol/l) or forskolin (10-7_10-4 mol/l);
(2) Carbachol (10-4 molIl) or CCK-8 (10 8 mol/l) plus verapamil (10-6-10-4 mol/l); The carbachol and CCK-8 studies in experiments 1 and 3 were performed in both the Ca2+ containing 'ordinary' and the Ca2+ free media. In the db-cAMP study the basal secretion of pepsinogen was also examined in adding saline to the medium in place of db-cAMP.
The (Table I) compared   with values in Tables II-IV may be attributable to the large basal value, which was probably a result of different experimental conditions.
EFFECTS OF VERAPAMIL AND NICORANDIL
Verapamil did not affect the pepsinogen secretion stimulated by either CCK-8 or carbachol (Table II) . Nicorandil, however, inhibited the secretion of pepsinogen induced by the drugs in a dose dependent manner, both in the Ca2+ containing and Ca2+ free media (Table III) . In 
n =number of experiments performed to determine each value in each experiment.
Percentage of control value calculated from the mean value is given in parentheses.
In the forskolin study, no value was significantly different from the control value (ANOVA and the Dunnett test). In the db-cAMP study, the values for db-cAMP alone and for db-cAMP plus 10 6 (p<O-Ol), 10 The role of intracellular Ca2+ in cholinergic and CCK-8 stimulation has been extensively studied in the secretion of amylase by pancreatic islet cells,'7 whose intracellular control mechanism is similar to that of gastric chief cells. 8 Calmodulin was also shown to mediate the response of pancreatic exocrine cells to secretagogues. 1 ' W-7 is a potent antagonist which is more selective for calmodulin than such putative calmodulin antagonists as chlorpromazine and prenylamine. 16 20 Hence, the present study using calmodulin antagonists clearly indicates that the calmodulin branch of the calcium messenger system is an important pathway for pepsinogen secretion in response to carbachol and CCK-8 stimulation. The C-kinase branch is another distinct mechanism responsible for cell response in the calcium messenger system. Cytosolic free Ca2+ was shown to be partly involved in this branch in association with raised diacylglycerol after coupling of extracellular stimuli with their receptors.4 This mechanism in pepsinogen secretion, however, still remains to be defined.
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